Drones are rapidly becoming a key part of the toolkit for a range of scientific disciplines, as well as a range of management and commercial applications. This presents a number of challenges in context of how drone use might impact nearby wildlife. Interactions between birds and drones naturally come to mind, since they share the airspace. This paper details initial findings on the interactions between drones and birds for a range of waterbird, passerine and raptor species, across of a range of scientific applications and natural environments. The primary aims of this paper are to provide guidance for those planning or undertaking drone monitoring exercises, as well as provide direction for future research into safe and effective monitoring with drones. Our study sites we all located within Australia and spanned a range of arid, semi-arid, dunefield, floodplain, wetland, woodland, forest, coastal heath and urban environments. We particularly focus on behavioral changes towards drones during breeding season, interactions with raptors, and effects on nesting birds in large colonies -three areas yet to be explored in published literature. In over 70 hours of flight, there were no incidents with birds. Although some aggressive behavior was encountered from solitary breeding birds. Several large breeding bird colonies were surveyed, and included in our observations is monitoring and counting of nests in a colony of over 200,000 Straw-necked Ibis, the largest drone-based bird monitoring exercise to date. In addition to providing observations of interactions with specific bird species, we recommend procedures for flight planning, safe flying and avoidance. This paper also provides a basis for a number of critical and emerging areas of research into bird-drone interactions, most notably, territorial breeding birds, safety around large raptors, and the effect of drones on the behaviour of birds in large breeding colonies.
Introduction

1
Unmanned aerial vehicles (hereafter drones), with their varied applications and general 2 affordability, are increasingly used in ecological research and monitoring. Surveying birds 3 from the air has many benefits (Kingsford and Porter, 2009 ). Use of drones in this context 4 has a surprisingly long history (Abd-Elrahman et al., 2005; Chabot and Francis, 2016) .
5
Whilst application to avian research and management is relatively limited compared to 6 other disciplines, it is gaining momentum. Current research spans a range of topics, 7 including ethical guidelines (Vas et al., 2015) , recreating environmental data input from 8 bird flight paths (Rodríguez et al., 2012) , monitoring nesting status (Weissensteiner et al., 9 2015), and both manual and automated detection routines for groups of birds and nest 10 counts (Chabot and Bird, 2012; Chabot and Francis, 2016; Sardà-Palomera et al., 2012;  11 Hodgson et al., 2016; Descamps et al., 2011; Trathan, 2004) .
12
There are a range of challenges related to collection of data using drones, and a major 13 component of this is interaction with nearby wildlife (Lambertucci et al., 2015) . Naturally, 14 birds are of great interest, given that they share the airspace. Research has only just begun 15 in exploring these interactions (Vas et al., 2015) , identifying a considerable knowledge 
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The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/109926 doi: bioRxiv preprint first posted online Feb. 20, 2017;  Bird interactions with drones We particularly focus on observations of birds during their breeding season, when nesting 24 birds are more likely to be susceptible to disruption (Lambertucci et al., 2015) . During 25 the breeding season, drones can be particularly hazardous for the birds, given potential 26 large congregations and territorial aggression. Of particular interest are our observations 27 while monitoring several large breeding waterbird colonies; one colony contained at least 28 100,000 nests. To date, the largest reported colony of birds monitored via a drone is a 29 penguin colony of 11,000 (Trathan, 2004) . We also report a number of interactions with 30 raptors. Further to detailing the interactions with various bird species, we also provide 31 some recommendations for safe flying and avoidance. This paper also provides the first 32 comprehensive report of bird-drone interactions in Australia. The primary aim of this 33 paper is to provide a basis for further research into bird-drone interactions, and to help 34 readers in planning and safely executing monitoring work with the use of drones.
35
Material and methods
36
Study locations and monitoring details
37
Our study locations are within predominantly within eastern Australia but we focus on 38 bird species that have a continental distribution (Fig. 1) Phantom 3 Professional quad-copter. Additionally, a Sensefly eBee fixed-wing and a DJI 49 S900 hexa-copter was also flown at some sites.
50
General flight details
51
The main purpose for drone use at most of the study sites was to acquire imagery to wet, muddy or dusty environments, the DJI Phantom 3 Professional was predominantly 60 used, as it is relatively affordable. For example, the bird colonies were entirely under 61 water, so failure or emergency landing would result in loss of the drone. Incidentally, all 62 terrain vehicles provide a good platform for take off in a range of environments (Fig. 2) . 
Results
99
Birds encountered
100
We encountered a diverse group of bird species across many different environments; some 101 of our sites were over 1500 km apart. In over 70 hours of flights, we had no strikes, nor 102 did we encounter a situation where aggression posed a serious threat. Table details 103 the main birds of interest that we considered might pose a risk at out various field The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/109926 doi: bioRxiv preprint first posted online Feb. 20, 2017;  Bird interactions with drones the Ibis colonies are provided in more detail below.
107
Of most concern in flight planning was the presence of raptors at many of our study 
118
We did observe at least one instance of a negative interaction with the drone, which was were uncertain whether these insectivores were attracted to the insects. The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/109926 doi: bioRxiv preprint first posted online Feb. 20, 2017;  Bird interactions with drones displayed vigilant behavior but did not flush (Fig. 3) . If the drone was left hovering Ibis colonies is detailed here to the extent that we think will be useful for others to 
206
One important aspect we did not measure during our work was the impact of sound. In on the impact of noise on wildlife will turn its attention to drones. Incidentally, while 210 working in the bird colonies, the background noise of the colony was such that the drone 211 was inaudible, to humans, once it was more than 30-40 m away.
212
In conclusion, we provide considerations to those planning drone monitoring exercises 213 where bird interactions are likely, or where guidance on potential interactions is sought. Vas, E., Lescroël, A., Duriez, O., Boguszewski, G., and Grémillet, D. (2015) . 
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